as the initial and final conditions for determining the life of vehicles' structural elements with corrosive surface cracks. The analytical model implementation is proven by solving the problem of determining the residual life of a vehicle's element, i.e., a steel plate, weakened by a semi-elliptical surface crack, which is under the action of dynamic loads in a 3% sodium chloride solution. The insignificant increase in the crack's initial size is proven to greatly reduce the period of its subcritical growth. The developed model was applied to define the residual life of thin-walled elements of structures with surface cracks.
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INTRODUCTION
Transport vehicles operate under varying terrain conditions involving extreme climate and corrosive environments. For this reason, their main bearing elements are mainly made of steel. In most vehicular structures, the base unit is a frame that contains up to 40% of the steel intensity of the vehicle and significantly affects its life, with the key factor affecting durability being the damage to the frame caused by cracks and corrosion [1] . Factoring in the volumes of fertilizers transportation (about 2% of all cargo in Ukraine [18] ), it is rational to account for the influence of aggressive environments acting upon metal materials of vehicles. When transporting fertilizers, poisonous chemicals and other aggressive agrarian products, the dust of these substances is deposited on the structure surface. The combination of dust and moisture creates an aggressive environment, which, together with the operating loads (usually cyclic), leads to intense corrosion damage, in particular, by propagating surface corrosionfatigue cracks in elements of vehicular structures [1] [2] [3] [4] [5] [6] [7] [8] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The corrosion processes rate is known to be a function of the aggressiveness and duration of the environment effect, the air temperature, the metal surface state (composition and structure of the protective film), the chemical composition of the metal, the presence of mechanical stresses, structural features (welds, bolt and rivet joints), and the combination of elements creating cavities or cracks, in which moisture condenses. Contamination of vehicles' metal structure surfaces intensifies corrosion, while, in combination with moisture, it can create an electrochemical environment that causes more intensive corrosion processes. Corrosion is the most dangerous phenomenon for parts operating under cyclic loads (springs, body springs, axes, shafts etc.), whose lifetime is often reduced by 40-60% because of fatigue failure [1, 8, 12, 15, 21] . Based on part failure analyses, fracture initiation occurs due to the ulcers caused by corrosion and pitting, with the ulcers transferring into surface corrosion cracks, which adversely affect vehicle reliability [1, 12, 13, 15, 21] .
MATERIAL AND METHODS
A three-dimensional body is considered as an element of the vehicle metal structure. A flat surface crack with a contour of a length L and an initial area S0 weakens the body, which is loaded cyclically with the amplitude forces p. There is a corrosive-aggressive environment in the crack cavity ( Figure 1 ). Outer tensile loads are applied so that the stress-strain state in this body is symmetrical, relative to the placement of a crack plane. Fig. 1 . Corrosion-fatigue cracks in the vehicle frame, a classical body scheme of loading a body with a flat surface crack Hence, it is described in the vicinity of its peak exclusively by the stress intensity factor of the first kind I K . The task is to determine the time or number of load cycles
, in which the body, as an element of the vehicle metal structure, will fracture.
To solve this problem, a mathematical model is developed: differential equations with initial and finite conditions that describe this process. The assumption that the crack increases continuously from the original area S = S0 to the final one S = S* is correct, since it is well known that the real development of the corrosion-fatigue crack is accompanied by jumps in the value c S  in relatively large time intervals
, where N  is the number of load cycles during an elementary jump of the crack and T is the cycle period). Thus, the dependence for determining the growth rate of the crack will be written approximately. 
Similar to [8] [9] [10] [11] , the energy balance equation for this non-equilibrium process is:
where Q = const is the value of thermal energy, A is the work of external forces, and W is the energy of body deformation after the propagation of the crack area by the value c S  , written according to [8] [9] [10] [11] .
where:
is a part of the work of plastic deformations in the prefracture area, which depends exclusively on the area of the crack l;
is a part of the work of plastic deformations caused by external forces, which is allocated at a constant crack area during the incubation period of its jump preparation and depends only on time t; ) t ( W ) ( p considered a relatively small value and neglected in calculations; and K is the kinetic energy, which in this case is also considered a small value.
Considering the above and differentiating the components of the energy balance equation (2) by the number of load cycles N, an equation for the velocities balance of the energy components change is deduced:
The components of the dependence for determining the energy of deformation are complex functions in S and N [9] [10] , while the area also implicitly depends on N. Thus, while substituting 3 for 4, the following formula is developed:
Based on (5), the rate value of the crack area changes during its propagation:
Based on [10, 11] , (6) is written thus:
To complete this mathematical model, in analogy with [10] [11] , respectively, the initial and final conditions are added to 7:
where the critical value of the crack area 
Thus, the kinetic equation (7) with the conditions (8-10) is a mathematical model for the study of subcritical growth in the corrosion-fatigue crack in the elements of vehicles' structures on symmetrical loading.
The realization of the mathematical problem (7-10) for specific cases is associated with significant mathematical difficulties. Therefore, the problem solution is simplified in analogy with [11] . Consequently, a half-space with a plane surface crack, into which the corrosive environment enters, is stretched cyclically at endlessly distant points, which are uniformly 51.
distributed by the amplitude σ and directed perpendicular to the plane of the crack placement. According to the results [11] [12] , the growth rate V of the crack under consideration in its straightforward propagation is related to the parameters of the stress-strain state in the prefracture area by the ratios:
Similar to the [11] [12] , the case, in which destruction occurs under the action of cyclic loads and a corrosive-aggressive environment in one plane of a three-dimensional body, is considered. Since the crack propagates along the normal to its periphery, the movement in the time period N Δ of the arbitrary point M of the crack periphery runs towards the normal (Figure 2 ). , cos
where  is the angle between the direction of the radius vector ρ and the normal to the crack periphery MM'. Based on the analysis of geometric construction, in Figure 2 , we get [11] [12] : 
To realize the mathematical model (16) (17) (18) , the following approximate approach [12] [13] is proposed, according to which the change in the area of a moving crack of the considered configuration is approximately the same as for a semicircular crack of a radius a of a plane initial area. The rate of periphery propagation of such a crack is defined by the constant in all its points for the maximum value max I K . Therefore, an error in the resulting residual life * N occurs in increasing the value of the durability reserve, that is, 16 is simplified to: 
RESULTS
To study the implementation of the proposed model, the case associated with the case of individual soils [14] is considered: the development of a surface corrosion crack in a vehicle's metal structure element made of steel (17G1C), in a corrosive environment (3% solution of sodium chloride). The load frequency is assumed to be 1 Hz, which is included in the asymmetry of the cycle 1 0, R  with the loading amplitude 
Based on the above (Figure 3) , a dependency graph of the period of subcritical growth in the corrosion-fatigue cracks on the size of the crack 0 a is developed. Consequently, as seen in Figure 3 , the reduction of the crack size dramatically increases the period of subcritical growth of the crack
The residual life of the vehicle's metal structure element concerns a plate with a surface semi-elliptic crack. Let us consider the steel plate 17G1C, with the thickness h weakened by a surface semi-elliptic crack, and a0 and bo (bo>ao) as the semi-axes, in which a 3% solution of sodium chloride falls (Figure 4 ) [14] . It is assumed that the plate is stretched at infinitely distant points perpendicular to the plane of crack propagation by evenly distributed cyclic forces of the amplitude with a 1-Hz frequency and cycle asymmetry 1 0, R  . The task is to determine the number of load cycles , in which the corrosion-fatigue crack periphery will become tangent to its opposite surface. Therefore, the kinetic diagram of the corrosionfatigue crack propagation in the plate material is described by analytic dependence (23). The solution is performed by the method of equivalent areas [12] [13] . According to this method, the change in area, due to the corrosion-fatigue crack propagation of the considered configuration, will be approximated as for a semicircular crack with a radius a of the same initial area. The propagation velocity of its periphery points is assumed to be approximately the same. The crack periphery in a plate restricts an area, which is equal to a semi-elliptical real crack, on account of a semicircular radius a . Therefore, to replace this problem with a model, the maximum value of the SIF along this chosen circular is [13] :
Substituting 25 for 23 in order to determine the period 
At initial and final terms:
integrates within the given initial and final conditions. As a result: 
CONCLUSIONS
For the case of the action of variable loads in aggressive environments on vehicles' structures with corrosive surface cracks, a mathematical model is developed: the non-linear differential equation in partial derivatives and the initial and final terms for calculating the period of subcritical growth of corrosion-fatigue cracks in these elements of vehicles. The effective method for an approximate solution of this analytic problem is substantiated. The implementation of the mathematical model is demonstrated using the example of calculating the durability of the vehicle's element as the residual life of a plate made of 17G1S steel, which is weakened by a surface semi-elliptic crack under the action of cyclic loads in a solution of sodium chloride. A slight increase in the initial sizes of corrosive surface cracks is found to significantly reduce the durability of vehicles' structural elements.
